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Abstract: In this letter we present an expression relating the cohesive energy (E coh in 
kcal/mol) for the A IM B V and A M B VI semiconductors with the product of ionic charges (Z^Z 2 ) 
and nearest neighbor distance d (A). The cohesive energy values of these solids exhibits 
a linear relationship when plotted on a log-log scale against the nearest neighbor 
distance d (A), but fall on different straight lines according to the ionic charge product of 
the solids. A good agreement has been found between the experimental and calculated 
values of the cohesive energy for A IM B V and A M B VI semiconductors. 
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1 Introduction 

Cohesive energy is one of the parameter in understanding the nature of chemical 
bonding and several important parameters can be predicted by using it. Its 
magnitude tells us about the stability and chemical reactivity of solids. Eventually, 
it is the quantity which determines the structure, because different possible 
structures would have different cohesive energies [1]. Semi-empirical molecular 
orbitals have been widely and successfully used to develop the theory of the 
solid state. Recently [2-6]' frequent attempts have been made to understand the 
electronic, mechanical, elastic and optical properties of zinc blende (A M B VI and 
A m B v ) semiconductors. This is because of their interesting semi-conducting 
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properties and various practical applications in the field of non-linear optics, 
electronics, photovoltaic detectors, light emitting diodes and solar cells etc. In 
modern high-speed computer techniques, they allow researchers to investigate 
many structural and physical properties of materials only by computation or 
simulation instead of by traditional experiments. Empirical relations have become 
widely recognized as the method of choice for computational solid-state studies. 
In many cases empirical relations do not give highly accurate results for each 
specific material, but they still can be very useful. Empirical concepts such as 
valence, empirical radii, electronegativity, ionicity and plasmon energy are useful 
for the evaluation of solid state properties of solids [1,7]. These concepts are 
directly associated with the character of the chemical bond and thus provide 
means for explaining and classifying many basic properties of molecules and 
solids. Any change in crystallographic environment of an atom is related to core 
electrons via the valence electrons. The change in wave function that occurs for 
the outer electrons usually means a displacement of electric charge in the 
valence shell so that the interaction between valence, shell, and core electrons is 
changed. This leads to a change in binding energy of the inner electron and to a 
shift in the position of the absorption edge. 

In the previous research [8-12], we have calculated the electronic, mechanical 
and optical properties of binary and ternary semiconductors with the help of ionic 
charge theory. This is due to the fact that the ionic charge depends on the 
number of valence electrons, which changes when a metal forms a compound. 
Therefore we thought it would be of interest to give an alternative explanation for 
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cohesive energy (E CO h in kcal/mol) of zinc blende (A B and A B ) structured 
solids. 

2 Theory, results and discussion 

Aresti et al [13] have studied the cohesive energy of zinc blende solids and 

proposed an empirical relation for cohesive energy in terms of nearest neighbour 
distance (d) as follows, 



Where E coh (IV) is cohesive energy of purely covalent crystals and B(d, R) = E CO h 
(IV) - k(R)xd(BX)/d is now a parameter depending on d and R. 



where C is constant, which depends the rows and Z = Z(A) + Z(B), atomic 
number of atom A and atom B. 

Recently [14-16] much type of theoretical approaches have been reported to 
determine the value of cohesive energy of solid-state compounds. H. Schlosser 
[17,18], has studied the cohesive energy trends in rocksalt structure in terms of 
nearest neighbour distance using the following relation, 

Ecoh = constant /d (3) 

In a previous work [11], we proposed a simple relation for dielectric constant of 
chalcopyrite structured solids in terms of the product of ionic charges and nearest 
neighbour distance by the following relation, 

Dielectric constant (e») = K (Z^) 55 d 2 (4) 



Ecoh = Ecoh (IV) - B(d, R) {1 - 2 Ecoh (i) / Ecoh (IV)} 



(1) 



k(R) = C exp (-Z vz 1 4) 



(2) 
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Where Z-i and Z 2 are the ionic charge on the cation and anion respectively, d is 
the nearest neighbour distance in A and K and S are constants. The cohesive 
energy of A m B v and A N B VI semiconductors exhibit a linear relationship when 
plotted against nearest-neighbour distance, but fall on different straight lines 
according to the ionic charge product of the compounds, which is presented in 
figure 1 . We observe that in the plot of cohesive energy and nearest neighbour 
distance; the A m B v semiconductors lie on line nearly parallel to the line for the 
A N B VI semiconductors. The Krishnan-Roy theory [19], Jayaraman et al [20] and 
Sirdeshmukh et al [21] found that substantially reduced ionic charges must be 
used to get better agreement with experimental values. To obtain better 
agreement between experimental and theoretical data for zinc blende type 
crystal structure compounds, Schlosser's relation (3) may be extended to, 

E coh = constant (Z^) 4 /d 2 5 (5) 

Zi and Z 2 are ionic charge of cation and anion respectively and d is the nearest 
neighbour distance in A. The value of constant for zinc blende type crystal 
structure is 710. The value of product of ionic charge is 4 for A M B VI and 9 for 
A m B v semiconductors [9]. A detailed discussion of cohesive energy for these 
solids has been given elsewhere [13-18] and will not be presented here. The 
proposed empirical relation (5) has been applied to evaluate for A M B VI and A m B v 
semiconductors. The results are presented in table 1 . The calculated values are 
in good agreement with the experimental and theoretical values reported by 
earlier researchers [13]. 
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Figure 1 . Plot of log E (kcal/mol) against log d 2 5 (nearest neighbour distance in A) for transitional 
metal chalcogenides and pnictides. Plots of A M B VI and A MI B V semiconductors are nearly parallel. 
All experimental values are from [13]. 
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Table 1 Values of cohesive energy (E coh in kcal/mol) for compound 
(A m B v and A N B VI ) semiconductors. 
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3 Conclusion 

In conclusion, we have presented an empirical expression relating cohesive 
energy with the product of ionic charges and nearest neighbour distance. The 
values obtained from the expression for ll-VI and lll-V semiconductors agree well 
with reported experimental values. 
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